Abstract
INTRODUCTION

19
Over the past two decades, research on the use of natural products, particularly 20 polyphenols, in beauty products has been active but challenging (1) . Polyphenols with a 21 hydroxyl group (-OH) attached to an aromatic benzene ring (C6H5-) naturally occur in plants 22
and are therefore abundant in our diet (eg: vegetables, fruits, nuts, seeds and flowers), and have 23 been extensively studied for their protective health effects against cardiovascular diseases and 24 cancers (2) . Moreover, they have been proven to exhibit significant antioxidant activity, as well 25 as a UV protection effect which are very crucial for skin care products formulation (3). 26 The MS parameters were as follow: a standard of caffeic acid was infused into the MS 5 source alongside the HPLC flow at 20% mobile phase B; using a T-piece the source and 6 transmission settings were optimised for both positive and negative ion modes. The salient 7 settings were as follows: sheath gas flow at 45, aux gas at 10, sweep gas at 0 and the capillary 8 temperature was at 300°C. For the positive mode, the source voltage was 5Kv, capillary voltage 9 was 31v and tube lens was 125v. For the negative mode, the source voltage was 5Kv, capillary 10 voltage was -35v and tube lens was -90v. 11
The MS was operated using a Data-dependent acquisition (DDA) method. In brief, an 12 MS1 scan was performed using the Orbitrap detector scanning from 85 to 1000 m/z at a 13 resolution of 30,000 storing data in profile. Phthalate (413.266230 m/z) was used as lock-mass. 14 Then, MS2 (fragmentation event) was triggered on the most dominant ion found in the MS1 15 scan. This MS2 was performed in the ion trap, using collision-induced dissociation (CID) and 16 the data was stored as centroid. 17
Data was analysed using Qual Browser (Xcalibur 2.1) Thermo Scientific. Theoretically, 18 m/z was calculated for both the protonated (positive ion mode) and deprotonated (negative ion 19 mode) for each compound. Extracted ion chromatograms (EICs) for these m/z (5ppm mass 20 tolerance) as well as the UV chromatograms were generated at 280nm, 320nm and 520nm. The 21 retention time of the standards from the MS1 scans and the MS2 fragmentation spectra from 22 the standards were compared to the samples (unit resolution mass tolerance). 23 9 When the retention time, parent mass and fragmentation matched the standard, a 1 confident match was determined. In some instances, due to the nature of DDA experiments, 2 the ion of interest was not fragmented in which case only the retention time and parent mass 3 could be used and a less confident match was determined. In the case of phenolics, when there 4 were no standards and hence no retention time available, the fragmentation spectra were 5 referred solely on the match of fragmentation spectra reported in Kammerer et al. (22) . 6 7 Separation with Colloidal Gas Aphrons (CGA) using 10mM TWEEN20 8 In the previous work by our group, it was found that high recovery of polyphenols from 9 grape ethanolic extracts could be obtained by CGA generated with the cationic surfactant Cetyl 10 trimethylammonium bromide (CTAB) and the non-ionic TWEEN20 (15) . In the present work, 11 ethanolic and hot water extracts were first obtained from grape pomace (see Figure 1 for full 12 separation process). Hot water extract (HWE) was applied to the CGA for the first time. CGA 13 generated from 10mM TWEEN20 were then applied to each extract based on the optimum 14 conditions found in our previous work eg: the ratio of extract to the CGA was kept constant at 15 16:1 and the drainage time was kept at 5min. CGA separations of grape pomace extracts were 16 carried out in a flotation glass column (i.d 5cm, height: 50cm). The CGA were pumped by a 17 peristaltic pump (Watson Marlow) from the CGA generating container into the column which 18 contained 60mL of ethanolic extract of grape pomace. The volume of collapsed CGA and 19 drained liquid phase were measured. The initial extracts of EE and HWE contained 2624 mg 20 GAETPI/L and 1562 mg GAETPI/L respectively. Both fractions were diluted at an appropriate 21 dilution with deionized water for all the tests. 22
The percentage recovery of a specific compound (y) in the CGA phase (Ry) was 23 calculated based on the differences between the total amount of added y in the feed (My/feed) 24 and the amount of y measured in the separated liquid phase (My/liq). For some experiments, the 25 10 amount of y in the CGA phase was also calculated and the mass balance deviation was within 1 10%. The separation factor (SF) was also calculated based on the concentrations of compound 
Statistical analysis 4
All the experiments were performed in triplicate. The data were subjected to the 5 analysis of variance using IBM® SPSS® Statistics 21 software programme where statistical 6 differences were noted. Differences among different treatments were determined using Tukey 7 test. The significance level was defined at p<0.05. The results were reported as means ± SD. 8 9
RESULTS AND DISCUSSIONS
10
Ethanolic and hot water extraction 11 12
The chemical composition of the crude grape pomace extracts was determined. In 13 general, the content of total phenols, anthocyanin and protein was higher in EE but sugar was 14 higher in HWE. The total phenolic content in EE was 21.0 ± 0.1 mg GAE/g of pomace. This 15 value was almost two times higher than in HWE (12.5 ± 0.1 mg GAE/g pomace). A similar 16 result was obtained by the Folin-Ciolcateau method where EE had 22.0 ± 0.2 mg GAE/g while 17 HWE had 17.0 ± 0.2 mg GAE/g dry weight pomace. These results closely followed the values 18 obtained in the literature for grape pomace (17,23) and they were higher than those obtained 19 for the Brazilian grape extract as reported by Beres et al. (24) . The total monomeric 20 anthocyanins content in EE was 6.6 ± 0.6mg ME/g, almost three times higher than in HWE 21 (2.3 ± 0.7 mg ME/g dry weight). Low levels of protein were recovered in both extracts (0.4 and 22 0.2 mg BSA equivalent/g dry weight of grape pomace) and a slightly higher sugar was extracted 23 in HWE than in EE. 24 25
Polyphenol composition of crude grape pomace extracts 1
The main composition of the EE and HWE analysed by HPLC is shown in Table 1 . 2
Qualitative analysis with LC-MS was also conducted to confirm the identification and/or 3 identify the individual polyphenols in EE and HWE. It must be noted that minor amounts of 4 phenolics may escape from the extraction due to the interaction with dietary fibers, proteins 5 and other polymerised structures (22). In this analysis, fourteen standards of phenols and 6 anthocyanins were analysed against both extracts as not all standards were commercially 7 available. Retention time of standards, MS1 spectra and MS2 fragmentation spectra of the 8 standards were compared to samples'. If the retention time, MS1 and MS2 matched, a confident 9 assignment was given. If only the retention time and MS1 matched, a semi-confident 10 assignment was given. The results of the mass spectrometry data in both positive-ion mode 11 (anthocyanins) and negative-ion mode (phenolic acids, anthoxanthins, stilbenes, flavonols and 12 flavanols) of compounds in the extracts are shown in Table 2 . 3 4
A total of 30 phenolic compounds were present in both extracts. Among these, 7 phenolic 5 acids, 10 anthoxanthins and stilbenes and 13 anthocyanins were detected in both extracts. All 6 anthocyanins detected were of monoglucoside (glu), acetyl and p-coumaroyl derivatives of 7 delphinidin (DEL), cyanidin (CYA), petunidin (PET), peonidin (PEO) and malvidin (MAL). 8
Out of these 30 compounds, 15 were given confident assignment as the retention times, MS1 9 and MS2 matched with the standards. These compounds were gallic acid, p-hydroxybenzoic 10 acid, caffeic acid, ferulic acid, fertaric acid, catechin, procyanidin B2, epicatechin, epicatechin 11 gallate, trans-resveratrol, quercetin, delphinidin 3-o-glucoside, cyanidin 3-o-glucoside, 12 petunidin 3-o-glucoside and malvidin 3-o-glucoside. The MS2 mode was used to provide 13 information on the aglycone and its corresponding sugar due to the observed m/z fragmentation 14 values (303 for DEL; 287 for CYA; 317 for PET; 301 for PEO; and 331 for MAL) which were 15 matched to those reported in the literature (22). In this analysis, quercetin 3-o-glucoside and 16 quercetin 3-o-galactoside have the same MS1 and MS2, therefore their retention times are the 17 same; thus, differentiation of these polyphenols cannot be made. In the case of anthocyanins, 18 all anthocyanins and derivatives were present in both EE and HWE. However, differences were 19 noted in the composition of phenolic acids and anthoxanthins/stilbenes between both extracts 20 where the EE was lacking the presence of caftaric acid and epicatechin gallate. 21
In general, both extracts had the same type of compounds present but interestingly they 22 differed in their composition. This is particularly clear when the mass percentage of groups of 23 polyphenols (eg: phenolic acids) is calculated from data in Table 1 . For example, phenolic 1 acids were present at higher proportion in the HWE (37%) than in the EE (17%); in both 2 extracts gallic acid was the predominant phenolic acid. Similarly flavanols where at higher 3 proportion in HWE (14%) than in EE (7%). However the composition of flavonols was similar 4 in both extracts, (34% and 27% in EE and HWE respectively) but quercetin was predominant 5 in EE and Keampferol in HWE. The anthocyanins composition was higher in EE (43%), than 6 in HWE (22%). However, with regards to the collagenase and elastase inhibitory activities and 7 their relationship to polyphenols composition (see below) phenolic acids, flavonols and 8 flavanols were the most relevant as anthocyanins have not been related to these activities. 9 10 Separation of polyphenols from crude grape extracts by CGA 11 Table 3 shows the recovery (%) and separation factor (SF) of the CGA separation from 12 EE and HWE. Very similar recoveries of phenols and anthocyanins were obtained from both 13 extracts. Generally, the recovery of compounds was higher in EE than in HWE. A separation 14 factor higher than one indicated higher affinity of the compound for the CGA phase than the 15 liquid phase. This was the case for all compounds in both extracts although higher SF's were 16 obtained for EE. The selecvity of the separation in relation to both protein and sugar was low 17 as these were also preferentially separated into the CGA phase although the SF of sugar from 18 HWE was lower than one. The low ratio value of VLP/VCGA (ie: low volume of liquid drained 19 in relation to volume of CGA) was an indication of a stable CGA which might be due to the 20 presence of other compounds (glucose and proteins) which could increase the viscosity of the 21 liquid in the continuous phase and hence increased the stability of the CGA (15) . It is also 22 important to highlight that some aggregates were observed in the CGA phase which did not 23 completely solubilise during analysis, hence this would probably lead to an underestimation of 24 the net recovery. Overall, the recovery results were in agreement with our previous work (15) . 25 18 1 
7
Collagenase and elastase inhibitory activity 8
The ethanolic (EE) and hot water extracts (HWE) of grape pomace were tested for their 9
ChC and PPE inhibitory activity. Collagen, which occupies around 70-80% of the skin weight 10 is known to provide structural integrity (6). Due to skin ageing, collagen is rapidly degraded 11 by the action of collagenase. As shown in Figures 2(A) and 2(B) , the grape pomace extracts 12 showed a linear dose-dependant relationship with inhibitory activities. From these dose-13 dependent relationships, IC50 values were calculated to be 35.4mg/L (HWE), 78.8mg/L (EE) 14 and 130mg/L (gallic acid). The maximum inhibitory activity measured for EE was 34%, 15 therefore above this activity (up to 50%) a linear relationship with concentration was assumed 16 in order to determine the IC50. 
3
The same trend was observed for PPE inhibitory activity. Elastin is an insoluble fibrous 4 protein which occupies only 2-4% of the skin dermis weight but plays a vital role ensuring the 5 elasticity of the skin (6). Based on the IC50 results, HWE (18.7mg/L) had the highest potency 6 as compared to EE (35.5mg/L) and galic acid (82.0mg/L). Similar IC50 value was obtained with 7 the methanolic extract of grape pomace (14.7mg/L) which may suggests comparable 8 polyphenol composition (10). 9
The higher inhibitory activity of HWE than EE against collagenase and elastase can be 10 explained by the differences in polyphenols composition. The phenolic acids such as gallic acid 11 and chlorogenic acid in HWE which account for 37% of total polyphenols could have a 12 pronounced effect on the inhibitory activities. Gallic acid, a low molecular weight hydrophilic 1 compound could play an important part in the observed activity by accessing the active centre 2 site of the elastase and blocking the binding of substrates to this site (10). However, given that 3 the potency of the extract was superior than that of the gallic acid alone (Table 4) , it is clear 4 that other components also may contribute to the activity, perhaps in a synergistic manner. 5
Chlorogenic acid, for example, which is a derivative of cinnamic acid, could also contribute as 6 it is well known for its potent antioxidant and anti-inflammatory activities (25). Moreover, the 7 catechin and epicatechin which were present at high proportion in HWE (14%) could interact 8 with the elastase by hydrophobic interactions, causing conformational changes of elastase and 9 thus increasing the inhibitory activity (7) . On the other hand, EE had high composition of 10 flavonols, particularly quercetin and resveratrol but they are larger molecules with lower 11 solubility in water than the phenolic acids which could possibly limit their activity. 12
13
Collagenase and elastase inhibitory activity of CGA fractions in relation to polyphenolic 14 profile 15
In order to determine the most active fractions after separation by CGA, CGA and liquid 16 phases from both EE and HWE were tested for ChC and PPE. The inhibitory activities against 17
ChC ad PPE are shown in Figures 3(A) and (B) , respectively. Contrary to the crude extracts, 18 EE fractions demonstrated higher activity than HWE fractions, CGA-EE had 67% collagenase 19 inhibitory activity and CGA-HWE 55%; the liquid phases had 60% and 46% activity, 20
respectively. This small difference in activity between the liquid and CGA phases can be 21 explained based on their polyphenol composition (Table 1) . For example, the composition of phenolic acids in CGA-HWE and LP-HWE were almost 5 the same (mass percentages of phenolic acids over total phenols were 47% and 45% 6 respectively) and for flavonols composition was higher in the liquid phase (31% in CGA and 7 47% in liquid phase). The same trend was noted in CGA-EE and LP-EE where phenolic acids 8 and flavonols compositon was very similar in both fractions (4.5 and 5.2% phenolic acids in 9 CGA and LP respectively and 26% flavonols in both fractions). This similarity in compositon 10 supports the insignificant differences in inhibitory activities of these fractions against both 11 enzymes. Kaempferol was found at high concentration in both CGA-HWE and LP-HWE (23. quercetin (31.1mg/L). These compounds could possibly be the main contributors to the 1 inhibitory activities observed whereby the hydroxyl group in C-3 might played a role in 2 conferring the inhibitory activity (9). Moreover, the high content of gallic acid in CGA-HWE 3 (24.9mg/L) and in LP-HWE (12.2mg/L) could also be important for the ChC inhibitory 4 activity. The hydroxyl group from gallic acid could act as a hydrogen bond acceptor/donors 5 with the hydroxyl, amino or carboxyl groups of the collagenase's side chain functional groups 6 which can alter its structure, while the benzene rings of the polyphenols can form hydrophobic 7 interactions with collagenase (8,10). 8
The differences in inhibitory activity against PPE between the LP and CGA fractions (Fig 3B)  9 could be explained based on the differences in composition (see above). On the other hand the 10 much higher activity in the EE fractions than in the HWE fractions could not be clearly 11 explained in terms of differences in composition of groups of polyphenols but individual 12 polyphenols. For example, quercetin was predominantly present in the CGA-EE whilst none 13 was detected in the CGA-HWE. This suggests that quercetin is a key compound responsible 14 for PPE inhibition. Quercetin could possibly alter the specificity of the elastase substrate by 15 interacting with subsite of MMP-9 active site (26). 16 In order to assess if any of the fractions had been preferentially enriched with the most 20 active polyphenols the activity potency had to be determined. However, these fractions showed 21 poor dose-dependency relationship (data not shown) and the IC50 could not be determined. 22 23 Therefore, the inhibitory potency of CGA fractions was expressed as inhibitory efficiency 1 which is the activity in relation to the total phenols content (% / mg GAEFIL -1 ) ( Table 4 ). The 2 CGA-EE fraction was found to be about four times more efficient than its crude extract and 3 over six times more efficient than gallic acid in relation to ChC inhibitory activity. However 4 the efficiency of both CGA and LP fractions was almost the same which is in agreement with 5 results in Fig 3. Interestingly the efficiency in CGA-HWE was seven times higher than in LP 6 and almost double that in the raw extract (HWE). Moreover the efficiency of the CGA 7 fractions of both raw extracts was six times higher than gallic acid's which suggests that the 8 inhibition of these enzymes could be the result of synergistic activity of different polyphenols. 9
This has been observed in a formulation of four combined super fruits extract (Ginkgo biloba, 10
Punica granatum, Ficus carica, and Morus alba) against collagenase (27) . 11
In the case of PPE inhibitory activity, no increase in efficiency was noted for the 12 CGA/LP fractions of EE and the efficiency of the HWE decreased after CGA separation. The 13 inhibitory efficiencies of the raw extracts were superior to that of pure gallic acid. 14 From results above it could be hypothesised that TWEEN20 might play a role in 15 facilitating the delivery of the polyphenols to the target site of the collagenase. This explained 16 why the efficieny of the CGA-EE increased susbstantially as compared to the crude extract's 17
and it was comparable to that of CGA-HWE. It is also worth mentioning that the surfactant did 18 not inhibit or activate both ChC and PPE (data not shown) hence, the inhibitory activities were 19 solely due to the action of polyphenols in the fractions. Non-ionic surfactants were known to 20 cause the least irritating effect to skin compared to anionic surfactants hence they were 21 preferred for inclusion in many skin care products (28). Moreover, surfactants in general are 22 known to alter the skin permeation by forming non-specific hydrophobic interactions involving 23 the alkyl chains of the surfactant and the hydrophobic regions of the keratin in stratum corneum 24 (30). Most studies about non-ionic surfactants and biological activities revealed that the C12 25 24 alkyl chain was the most important character in terms of perturbation of the membrane which 1 explained the surfactant solubility and partitioning (31). Although most studies revealed that 2 their interactions with non-ionic surfactants did not alter skin permeation to a significant level, 3 enhancement has been noted in some studies whereby penetration of lidocaine (a type of drug) 4 significantly increased through hairless mouse skin with TWEEN20 and TWEEN60 (28). 5
